Spectral characteristics of chromophoric dissolved organic matter (CDOM) were 11 examined in conjunction with environmental factors in the waters of rivers and 12 terminal lakes in Hulun Buir plateau, northeast China. Dissolved organic carbon 13 (DOC), total nitrogen (TN), and total phosphorous (TP) were significantly higher in 14 terminal lakes than rivers waters (p < 0.01). Principal component analysis (PCA) 15 indicated that non-water light absorption and anthropogenic nutrient disturbances 16 might be the causes of the diversity of water quality parameters in Hulun Buir plateau. 17 CDOM absorption in river waters was significantly lower than terminal lakes (p < 18 0.01). Analysis of ratio of absorption at 250 to 365 nm (E 250:365 ), specific UV 19 absorbance (SUVA 254 ), and spectral slope ratio (S r ) indicated that CDOM in river 20 waters had higher aromaticity, molecular weight, and vascular plant contribution than 21 in terminal lakes. Furthermore, results showed that DOC concentration, CDOM light 22 absorption, and the proportion of autochthonous sources of CDOM in plateau waters 23 were all higher than in other freshwater rivers reported in the literature. The strong 24 evapoconcentration, intense ultraviolet irradiance and landscape features of Hulun 25 Buir plateau may be responsible for the above phenomenon. Redundancy analysis 26 (RDA) indicated that the environmental variables total suspended matter (TSM), TN, 27 and electrical conductivity (EC) had a strong correlation with light absorption 28 characteristics, followed by TDS and chlorophyll a. In most sampling locations,
Introduction 9
Chromophoric dissolved organic matter (CDOM) is the colored component of 23 Water samples were taken from 46 sampling sites in Hulun Buir Plateau, China, 24 during September 2012 (Fig. 1) , and the sample numbers for each water body are 25 listed in Table 1 and marked in Fig. 1 . The saline lakes size in this study ranged from 26 1 km 2 to 42.5 km 2 , with the average depth of 0.4-2.8 m. These terminal lakes in this 27 study are terminal-flow areas and some of lakes are temporary waters. The related 28 hydrological data of rivers and freshwater lakes have shown in the Table 2, including 7 rivers (or freshwater lakes) names, sampling numbers, basin area, width, Length, max 1 water depth, elevation. The surface water (0.5-1 m) was collected to sample bottle at 2 least 4 L in every sampling point, and kept in a portable refrigerator before they were 3 carried back to laboratory. Chemical and physical parameters, e.g., pH, total dissolved 4 solid (TDS) and electrical conductivity (EC) were determined in sampling situ by a 5 portable multi-parameter water quality analyzer (YSI6600, U.S). Concentrations of 6 DOC, TN, and TP were measured with unfiltered water samples by a standard 7 procedure (APHA et al., 1998) . Total suspended matter (TSM) was determined by 8 gravimetrical analysis (Song et al., 2013a) . Water turbidity (Turb) was determined by 9 a UV spectrophotometer in 680 nm (Shangfen, 7230) with Milli-Q water as reference 10 at room temperature (20±2℃). Chlorophyll-a (Chla) was extracted from water 11 samples by 90% buffered acetone solution, and the concentrations were determined 12 with a UV spectrophotometer (Shimadzu, UV-2600PC) by the method detailed in 15 CDOM was extracted from the collected water samples by filtering through a 0.7 μm 16 glass fiber membrane (Whatman, GF/F 1825-047) and then was further filtered 17 through 0.22 μm polycarbonate membrane (Whatman, 110606) . The filtering process 18 was finished within two days in dim light in order to avoid alteration by microbial 19 activity. Filtered samples were kept refrigerated and warmed at room temperature at 20 the time of the analysis. CDOM absorption was analyzed within 12 h using UV-2600 21 spectrophotometer equipped with 1-cm quartz cuvette. Absorbance scans were 22 performed from 200 to 800 nm, and Milli-Q water was used as reference. Between 23 each sample, the quartz cuvette was flushed with Milli-Q water, and the cleanliness 24 was checked according to the optical density of reference water. The bubbles should 25 be avoided during the measurement. In order to eliminate the internal backscattering, 26 the absorbance at 700 nm was used to correct absorption coefficients (Bricaud et al., 27 1981) . The absorption coefficient (a CDOM ) was calculated from the measured water (1) 30 Where L is the cuvette path length (0.01 m) and 2.303 is the conversion factor. 31 1 nm (a CDOM 335) and 440 nm (a CDOM 440) were selected to express the CDOM 2 concentration (Miller, 1998 , 1981; Jerlov, 1968) .
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Non-water light absorption analysis
Where a CDOM (  ) is the CDOM absorption at a given wavelength, and a CDOM ( 0  )
11
is the absorption at a reference wavelength (440 nm). The spectral slope ratio (S r ) was 12 calculated as the ratio of S 275-295 to S 350-400 .
13
Particulate absorption was determined by quantitative membrane filter technique 14 (QFT) (Cleveland & Weidemann, 1993) . A certain volume of water was filtered 15 through 0.7 μm glass fiber membrane (Whatman, GF/F 1825-047), and the filter 16 membrane was subsequently stored in laboratory at -80℃ until analysis. The light 17 absorption of total particulate trapped on the filter membrane was determined by UV 18 spectrophotometry (Shimadzu, 2660) from 280 to 800 nm with virgin wet membrane 19 as reference. After correction of the path length with path length amplification factor 20 (β), the measured optical densities were transformed into total particulate absorption 21 coefficients according to the Eq. (3) (Bricaud & Stramski, 1990) .
Where a PB (  ) is the total particulate absorption at a given wavelength (nm), S is 24 the effective area of the deposited particle on the fiber membrane (m 2 ), and V is the 25 volume of the filtered water (m 3 ). OD  is the optical density at the given wavelength 26 (nm).
27
The above fiber membranes loaded with total particulate were soaked in the 28 sodium hypochlorite solution in order to remove the pigments, and the light 9 absorption coefficient of non-algal particles (a NAP λ) was determined and calculated as 1 the a PB (λ). The phytoplankton light absorption coefficient (a phy λ) was the difference 2 between a PB (λ) and a NAP (λ) according to the Eq. (4). L -1 ). Further, the terminal lakes also had higher alkalinity and EC than river waters.
28
We have redone the statistics after log-transformation of the data and normal 29 distribution test. A positive relationship between DOC and alkalinity was established 30 in Hulun Buir Plateau waters ( Fig. 2a , R 2 = 0.87). Regression analyses were also 1 conducted, and a linear relationship between EC and DOC was shown based on the 2 collected data ( Fig. 2b ; R 2 = 0.72). The average nutrient concentrations for TN (1.33 ± 3 0.63 mg L -1 ) and TP (0.11 ± 0.04 mg L -1 ) in river waters were both lower than in 4 terminal lakes, and significant differences were observed for TN (p < 0.001) and TP 5 (p < 0.01). Strong linear relationships were shown between TN and DOC in Hulun 6 Buir Plateau ( Fig. 2c ; R 2 = 0.67). A positive correlation between DOC and TP was 7 found in surface water in this area ( Fig. 2c ; R 2 = 0.66).
8
PCA was performed for all the sampling locations with ten water environment 9 variables (Fig. 3A ). The first two principal components (PC) of the PCA explained 10 61.0% of the variability in all the selected variables (PC1, 36.4%; PC2, 24.6%).
11
Relatively high loadings on PC1 were TSM and Turb, whereas DOC and CDOM 12 showed high negative loadings. The second PCA axis revealed gradients of nutrients showed that the terminal lakes exhibited significantly higher CDOM light absorption 27 than river waters (Table 1) .
28
E 250:365 values in the waters examined ranged from 5.43 to 20.73, and the mean 29 values were 7.80 ± 2.30, and 8.02 ± 3.48 in the river and terminal lakes respectively.
30
The majority of the SUVA 254 values in the river waters ranged from 1.09 -3.56 L mg 31 C -1 m -1 , and the mean SUVA 254 was clearly higher in river waters (2.74 ± 1.08 L mg 32 11 C -1 m -1 ) than the terminal lakes (1.90 ± 0.57 L mg C -1 m -1 ), and this was significant (p 1 < 0.01). In order to confirm the source and composition of CDOM in different types 2 of waters, the spectral slopes in the 275-295 nm (S 275-295 ) and 350-400 nm (S 350-400 ) 3 ranges were both calculated as the indicators (Table 1) . S 275-295 values showed a wide 4 variation in the river water samples ranging from 14.80 × 10 -3 to 26.79 × 10 -3 nm -1 5 (mean = 19.25 ± 4.05 × 10 -3 nm -1 ), and the majority of river waters in the study 6 exhibited S 275-295 between 17.11 -17.82 × 10 -3 nm -1 . There was not a significant 7 difference when compared with terminal lakes. S 350-400 values also showed no 8 significant difference between the two types of waters. Furthermore, the mean values 9 of S 275-295 and S 350-400 in Hulun Lake were both lower than Buir Lake. 
31
According to the Pareto principle, the value of vertical axis was in accordance with
32
The Pearson correlation coefficients (r p ) between water quality and light 23 absorption characteristics presented in Table 3 conditions. When C:N >20 and C:P >100, the biodegradation of DOC cannot be fully 8 performed (Redfield et al., 1963) . In this study, the ratios in the most water samples 9 accord with the degradation condition. We suspect the above relationships (Fig. 2c , Mongolian Plateau is about 9,843 km 2 , which is 0.27% of the global inland waters CDOM were destroyed by photolysis with the prolongation of hydraulic retention 29 time and irradiation. In terminal lakes, the change of molecular structure in high MW rivers ranged from 5.00 to 6.50 (Spencer et al., 2012) , and in the Elizabeth River and 3 Chesapeake Bay estuary ranged from 4.33 to 6.23 (Helms et al., 2008) . Compared 4 with the reported river waters, the plateau rivers in the study presented significantly Spencer et al., 2008; Weishaar et al., 2003) . Conversely, high SUVA 254 values 29 indicated that the organic matter in aquatic systems was dominated by allochthonous 30 sources with significant vascular plant inputs (Cory et al., 2007; Spencer et al., 2012) .
31
In this study, the SUVA 254 revealed that the contribution of vascular plant matter to 32 Lake. From the known geological history of the region, Buir Lake is a throughput lake 23 with inflow from the Halaha river and outflow from the Wuerxun river to Hulun Lake.
24
Also, the land use pattern in Buir Lake watersheds shows potential desertification.
25
Hulun Lake not only accepts the Wuerxun River flowing from Buir Lake, but also 26 receives the water from the Kerulun River. Natural grassland with the fresh organic 27 rich layers was dominant in Hulun Lake watersheds. The geographical location and 28 land use pattern together account for the larger percentage of terrigenous DOM in 29 Hulun Lake. non-water light absorption (Fig. 4) . The low levels of phytoplankton in the Hulun
Buir Plateau lakes with higher salinity may be responsible for this phenomenon.
26
Previous studies also showed that light absorption by non-algal particles often 27 exceeds that of phytoplankton in shallow, inland lakes and coastal waters (Carder et 28 al., 1991; Frenette et al., 2003) . In most water samples examined in this study, CDOM Case-2 water with CDOM present in all the water samples (Morel & Prieur, 1977) . increasing optical wavelength, which will not be benefit for the growth of 9 phytoplankton. In Hulun Buir plateau, phytoplankton growth is very slow even in the 10 warm season, the high pH, salinity and alkalinity of water may be responsible for the 11 phenomenon. So the relative contributions of phytoplankton to non-light absorption in
12
Hulun Buir plateau may be difficult to improve due to the depressed algae growth.
13
Non-algal particles concentration is related to the TSM ( dissolved solids, total suspended matter, total alkalinity and dissolved organic carbon 4 concentration, respectively (mg L -1 ). Turb represents water turbidity (NTU), and EC 5 represents the electrical conductivity of water samples (μs cm -1 ). Chla is chlorophyll a 6 concentration (µg L -1 ). The unit SUVA 254 was L mg C -1 m -1 .
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